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Abstract 
Rain drainage in urban catchments is highly complex and depends on numerous and widespread restrictions to water flows 
caused by the layout of urban areas and building morphology, as well as by the size of sewers which are usually designed for 
low return period values (2÷10 years). The higher the rainfall return period, the higher the influence of such limitations and the 
correspondent hydrographs show reductions in peak values due to the reservoir effect generated by flood waters. The modelling 
of such processes is based on mathematical algorithms of transients associated with rainfall-runoff phenomena and with 1D/2D 
flow routing processes that, during more intense rainfall, occur simultaneously in the sewer and on the surface (dual drainage 
systems). However, when flood risk planning relates to the catchment scale for a vast territory with many urban areas, the 
model no longer focuses on a detailed simulation of what happens inside each urban area, but rather on an estimate of the main 
characteristics of the urban floods and of the hydrographs discharged into the receivers. In this case, it is necessary to use 
simpler models, but which are still able to provide a reliable representation of such phenomena. For such purpose, the 
conceptual model URBFEP (URBan Flood Equivalent Pipe) has been developed in order to obtain a reliable representation of 
these restricted urban flood processes. This model is presented here, demonstrating its ability to represent the real behaviour of 
urban sub-catchments in comparison to the results obtained in physically based simulations in a set of real urban areas selected 
as pilot cases.  
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1. Introduction 
Rain drainage in urban catchments is highly complex and depends on numerous and widespread restrictions to 
water flows caused by the layout of urban areas and building morphology (structure and topography of roads and 
sidewalks, buildings and infrastructure above and below ground, etc), as well as by the size of sewers which are 
usually designed for low return period values (2÷10 years). 
For rainfall of low return time values (T= 2÷5 years), sewer size limitations have a modest influence and do 
not, therefore, cause significant flooding conditions. Consequently, the hydrographs in sewerage outlets show the 
typical shape characterized by peak time and behaviour which correspond to the response time of the basin. For 
this type of rainfall, the traditional conceptual models with concentrated parameters (typically, the linear models 
included in the framework of the Instantaneous Unit Hydrograph theory) derived from the original reservoir model 
which were developed by the Italian hydraulic school and based on Fantoli's proposals in the early 1900s, as well 
as on the ancient, widespread Rational Method (or "Time-area method" or kinematic method) are acceptable. 
However, the higher the rainfall return period, the higher the influence of such limitations and the 
correspondent hydrographs show reductions in peak values due to the reservoir effect generated by flood waters. 
As is well-known, the model of such processes is based on mathematical algorithms of transients associated with 
rainfall-runoff phenomena and with 1D/2D flow routing processes that, during more intense rainfall, occur 
simultaneously in the sewer and on the surface (dual drainage systems) in relation to flow exchanges in both 
directions through gully pots, depending on local and temporary sewer network overload conditions. (Fuchs 
(2011); Simões et al (2011); Masksimovic et al (2009); Miguez et al (2011), Russo et al (2011)). During the 
recession phase, flood waters can fully or partially return into the sewers (flooding operating as detention storage) 
which extends the hydrograph in time, or may not return to the sewers (flooding operating as retention storage) 
whereby the floods outflow to different receivers (Fig 1 and 2). 
 
 
Figure 1. Typical hydrographs discharged in receivers by urban drainage without any flooding (on the left) or with flooding as detention or as 
retention storage (on the right). 
   
Figure 2. Hydrographs discharged in receivers by urban drainage with flooding as detention storage (on the left) or as retention storage (on the 
right) for the same real case. 
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When flood risk planning relates to the catchment scale for a vast territory including many urban areas and 
river networks, the model no longer focuses on a detailed simulation of what happens inside each urban area, but 
rather on estimating the main characteristics of the hydrographs discharged into the river reaches. 
Actually, two different scales of objectives are used in the master plans of flood risk: i) at the single urban area 
scale, the real areal distribution and magnitude of the hydraulic deficiencies are taken into consideration; ii) at the 
catchment scale, the total flood volumes are identified and the hydrographs discharged from any urban area into 
the receiving water bodies are studied. In case i), it is necessary to adopt a physically based 1D/2D model which is 
consistent with local scale; while in case ii), if the physically based model is excluded, it is necessary to use 
simpler models but which are still able to represent the complexity of the phenomena. In case ii), for each urban 
sub-catchment and for rainfall of high return time will always require: 
•  the total volumes of water flooding inside each urban area due to sewer size restrictions; 
•  the hydrographs delivered into the receptors both by the sewer and the urban surfaces. 
Following the case ii) above mentioned, recent studies jointly performed with the Po River Basin Authority in 
the "River Contract" agreement, governed by the Region of Lombardy, the conceptual model URBFEP (URBan 
Flood Equivalent Pipe) has been developed in order to obtain a reliable representation of these restricted urban 
flood processes. This model could be usefully implemented in more updated packages for urban drainage such as 
MIKE URBAN by DHI, InfoWorks by Innovyze (IW), SWMM by EPA, etc. In this paper, the main characteristics 
of the URBFEP model are presented, demonstrating its ability to represent the real behaviour of urban sub-
catchments in comparison to the results obtained in physically based simulations in a set of real urban areas 
selected as pilot cases.  
The development of the new model has been long and complex, being based on the analysis of the real 
hydrodynamic behaviour of different urban basins, chosen as pilot basins, for which very detailed physically based 
sewer system models were available, and for which their sizes and characteristics, as well as their hydraulic 
structures limiting downstream flow were already known. The essential features of the new model progressively 
emerged through the careful study of dynamics of urban drainage and floods in these pilot basins for rainfalls 
which has a return period increasing from 2 to 100 years. 
2. Main features of urban drainage catchments chosen as pilot cases  
The urban drainage networks of the following municipalities (Tab 1) located in the highly urbanised Lombardy 
Region were selected as pilot cases: Cermenate (CO), Saronno(VA), Caronno Pertusella (VA) and Seregno (MI). 
Physically distributed models, implemented with the IW package and carefully calibrated on the basis of the 
monitoring of hyetographs and hydrographs of real events, were already available for these networks. 
Table 1 – Main characteristics of the IW models 
City IW model N° nodes N° reaches 
Cermenate 970 972 
Saronno 2245 2239 
Caronno Pertusella 1210 1261 
Seregno 1197 1174 
 
Seven urban sub-catchments were identified by subdividing these networks, each belonging to independent 
discharge outlets in the final receptor. These sub-catchments provided a suitable set of the various scenarios of 
urban drainage in terms of morphology and topographical characteristics, slopes, storage capacities and hydraulic 
conveyance abilities, so as to lead to a consistent calibration and verification of the performance of the URBFEP 
model. Table 2 shows the main features of the seven sub-catchments: total urbanized area, real impervious area, 
total length of the drainage network, length of the main reach, total volume of the drainage network, weighted 
average slope (weighted on the volumes of the reaches). 
Rain inputs in the model were calculated on the basis of Depth-Duration-Frequency (DDF) curves, by means of 
the two classic parameters equation:  
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nTah θ)(=  
where: 
h, a = rain depth (mm) 
T = return time (yrs) 
θ = rain duration (hours). 
 
Table 2 – Main features of the seven sub-catchments 
Municipality Sub-catchment 
Total area  Impervious area 
Runoff 
coeff. φ 
Total 
network 
length 
Main reach 
length 
Total 
network 
volume 
Weighted 
average slope 
[ha] [haimp] [-] [km] [km] [mc] [%] 
Cermenate via Europa 220.3 72.1 0.33 35.7 2.0 10858 1.09% 
Saronno 
Right weir 438.1 165.6 0.38 41.4 5.2 25344 0.48% 
Left weir 406.0 113.7 0.28 52.1 4.2 23766 0.57% 
Total 844.1 279.3 0.34 93.5 5.2 49110 0.52% 
Caronno 
Pertusella 
WWTP inlet 313.0 92.0 0.29 46.9 2.8 27017 0.46% 
via Rossini 51.6 12.9 0.25 4.8 1.5 1783 0.37% 
total 364.5 104.9 0.28 51.7 2.8 28800 0.45% 
Seregno 
East 404.2 107.6 0.27 36.8 4.4 34'702 0.44% 
West  448.0 75.4 0.17 53.0 4.2 21’835 0.42% 
total 852.2 183.0 0.21 89.8 4.4 56'537 0.43% 
 
The values indicated in Table 3 were adopted for the two parameters a and n, specifying values valid for rain 
duration in the interval 5 min ≤ θ ≤ 1 hour (a1, n1) which were obtained from local urban drainage plans, and 
values in the interval 1 hour ≤ θ ≤ 24 hours (a2, n2) which are published by ARPA Lombardy.  
Table 3 – Parameters a, n of the DDF curves adopted in the models of the pilot networks. 
 a1 (θ = 5 min÷1 hour) [mm·ora-n] 
n1 
T [yrs] 2 10 50 100 
Cermenate 31.6 49.2 66.6 74.6 0.50 
Saronno   
Caronno P. 31.2 48.6 66.0 74.1 0.50 
Seregno 28.6 49.7 68.2 76.0 0,58 
   
 a2 (θ = 1÷24 hours) [mm·ora-n] 
n2 
T [yrs] 2 10 50 100 
Cermenate 31.6 49.2 66.6 74.6 0.30 
Saronno   
Caronno P. 31.2 48.6 66.0 74.1 0.29 
Seregno 27.7 49.1 67.9 75.9 0,29 
 
The Chicago type was selected from the different synthetic hyetographs usually used in hydraulic designs. The 
advantages of the Chicago hyetograph are well known, such as: rain peaks remain unchanged with rain duration, 
every partial duration around the peak flow are congruent with DDF curves, greater reliability in simulating peak 
flow rates compared to the typical under-estimate of peak flows, if the constant hyetograph is used as usual in 
practical hydrological calculations, especially in small and medium basins. 
Figure 3 shows the DDF curves for return times T = 2, 10, 50, 100 years and the corresponding Chicago 
hyetograph used in the Saronno and Caronno Pertusella pilot cases as an example. 
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Basin DDF curves (T = 2, 10, 50, 100 yrs) 
Chicago hyetographs 
(T = 2, 10, 50, 100 yrs) 
Saronno, 
Caronno 
Pertusella 
  
Figure 3. DDF curves, for return time T = 2, 10, 50, 100 years, and the corresponding Chicago hyetographs adopted in the pilot cases. 
The physically based simulations, conducted with the above-mentioned IW model, were carried out 
considering that either water volume flooded on the surface in the recession phase does not return (retention 
scheme) or it returns (detention scheme) in the drainage network. A free outlet in the receptor was always applied 
for the downstream boundary condition in order to avoid any backwater effect. The simulations were performed in 
the current state of the network as well as for many other different design scenarios. As it is not possible to show 
all the results here, Table 4 shows the main results obtained in the current state for one sub-basin studied, namely: 
peak flow rate and total volume discharged into the receptor, peak flow rate and volume delivered towards the 
Waste Water Treatment Plant (WWTP), volume lost in surface flooding if the retention scheme is used (such 
volume is equal to zero in the detention scheme)†. 
Table 4 – Results for the sub-catchment Saronno “sinistra Lura” 
Return time (yrs) 2 10 50 100 
Flood’s scheme Retention Detention Retention Detention Retention Detention Retention Detention 
Peak discharge to the 
receptor [m3/s] 8.1 8.4 9.1 9.4 9.7 10.0 9.8 10.2 
Peak discharge to the 
WWTP [m3/s] 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
Total volume delivered to 
the receptor [m3] 27'751 34'114 44'114 62'263 60'552 90'193 67'877 103'242 
Total volume delivered to 
the WWTP [m3] 26'678 27'229 31'351 32'602 32'831 37'584 33'280 40'419 
Total volume flooded and 
lost in retention scheme 
[m3] 
7'562 - 22'123 - 39'397 - 49'114 - 
Total runoff volume [m3] 61'991 61'344 97'588 94'865 132'780 127'777 150'271 143'661 
Volume flooded and 
lost/runoff volume [%] 12% 0% 23% 0% 30% 0% 33% 0% 
 
Figure 4 shows how the flooded areas increase with rainfall return time in the Saronno sub-catchment. 
 
Analysis of the results obtained by the IW model for all the pilot cases demonstrate the following aspects of the 
dynamics of floods in urban drainage:  
 
 
† Having used the same calculation time, the differences in total runoff volumes in Table 3 between retention and detention schemes are 
due to the different duration of the recession tail which has a greater effect on the "detention" mode.  
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• the specific peak flow discharged into the receptor (expressed in l/s/haimp) increases slightly with return time 
and such increase becomes practically negligible for return periods of 10 to 100 years (Figure 5). This confirms 
that the drainage capacity of the present network has a limit of about 2 years of return time ( indeed, the results 
show some initial flooding even for T= 2 years) and that this consequent slight increase of return time is due to 
the overload conditions with piezometric slope limited by the surface flooding. The specific peak flow reaches 
values in the range of 50-150 l/s/haimp which is much higher than the standard limits imposed by many regional 
regulations, that require the implementation of water storages and limitations to peak flows discharged into the 
receiving water bodies, or better still, the reduction of any runoff by means of BMP measures; 
    
T = 2 yrs T = 10 yrs T = 50 yrs T = 100 yrs 
Figure 4 – Model of the Saronno pilot case (retention mode), with the flooded nodes. 
• considering equal return time, the specific peak flow discharged to the receptor is almost the same in the 
retention or detention modes; 
• the specific peak flow discharged to the WWTP does not vary either with increasing return time or with the 
retention or retention modes; 
• the volume of flood water increases greatly with return time (Figure 5) with values ranging from 200  m3/haimp, 
for T = 10 years to 500 m3/haimp for T = 50 ÷100 years; 
• the total volume discharged to the receptor also increases with return time (Figure 5) in both the retention and 
the detention schemes, with a greater increase occurring in the detention scheme, which is obviously due to the 
waters which return into the sewerage system; 
• similar increases take place for the volumes delivered to the WWTP. The only exception however being in the 
Caronno Pertusella "WWTP inlet" sub-basin, in which constant flow pumps regulate the connection between 
the drainage network and the input in the WWTP. 
3. Characteristics of URBFEP model 
The URBFEP model was implemented with the well-known MIKE 11 package by DHI, which is usually 
employed by the Po River Basin Authority. By means of a calibration process based on the comparison between 
the above-mentioned hydrodynamic IW model results and the URBFEP models outputs, an optimal definite 
scheme was identified, whereby a hydrological component for rainfall-runoff transformation and a hydraulic 
component for routing into a simplified network, equivalent to the real one, were combined in series (Figure 6). 
This model follows these steps: 
• the rainfall-runoff transformation which occurs on the catchment surface is calculated by the usual lumped 
models for the entire sub-basin in order to determine the runoff hydrograph entering the sewerage network. The 
URBAN modulus (scheme 1) of MIKE 11 by DHI was used, assuming that: catchment surface equal to the 
urbanized area; initial abstraction = 0; runoff coefficient equal to imperviousness ratio; concentration time = 20 
minutes. 
It should be noted that the fixed concentration time of 20 minutes, constant in all the cases, may seem to be 
inconsistent with the assortment of urban basins under consideration (see Table 1). However, the different 
response times of the basins are accounted for in the next step in which the hydraulic routing in the network is 
calculated. In other words, the constant value of 20 minutes represents only the entry time into the network and 
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not the overall response time of the basin, which depends on all the hydrological and hydraulic components, 
and is clearly shown from the calibration of the URBFEP model, which presents reduced sensitivity of such 
concentration (entry) time; 
 
   
a) b) c) 
Figure 5 – Results of the physically based IW simulations for the all pilot cases and in the retention scheme: a) peak flow rate to the receiver; b) 
total flooded volumes; c) total volumes discharged to the receiver. 
 
Figure 6 –URBFEP model scheme 
• routing into the sewerage network is represented by a single "equivalent pipe" in which the evenly distributed 
runoff hydrographs enter along its entire length; the equivalent pipe has the same length as the main channel of 
the network, a closed constant circular cross-section whose diameter is calculated to give a total internal 
storage, for the above-mentioned length, equal to the storage capacity of the whole real network and a slope 
equal to the weighted average slope of the network ( weighted in respect to the storage capacity of the reach). It 
should be noted that for the model to be reliable, it is essential that the closed section of the equivalent pipe has 
the same total internal volume as that of the real network. This, in fact, guarantees the possibility of overloads 
during more intense rainfall whenever this internal volume becomes insufficient; 
• a restriction is placed at the end of the equivalent pipe which is equivalent to the flow rate limitation typical of 
the sewerage system. This restriction is modeled by a culvert with a smaller diameter than the equivalent pipe. 
Note that the restriction placed at the downstream end of the equivalent pipe induces overload conditions along 
almost the entire length of the pipe for more intense rainfall. If, however, the real networks have restrictions and 
consequently flooding occurs only in the intermediate positions, the model equivalent restriction can be suitably 
positioned along the equivalent pipe. The culvert diameter, necessary for reproducing the overloads, was 
calibrated by comparing the URBFEP results with those obtained with the physically based IW model; 
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• flooding on the urban surfaces, caused by the equivalent pipe surcharging, is obtained through 3 equally-
positioned gully-pots (one at the upstream end of the pipe, one in the middle and one at the downstream end); 
the level of overflows from the 3 gully-pots was set at the top of the equivalent pipe, while the total length of 
the overflow weirs, considering the usual performance of the gully-pots, was set at 8‰ of the total length of the 
network;  
• the flooding process is modelled either as detention or retention storage; 
• the diversion device positioned between the outflow to the receiver and the pipe leading to the WWTP is 
modelled by keeping the same real dimensions of the respective branches; 
• the roughness Strickler coefficient of the equivalent pipe was assumed equal to 50 m1/3/s (this parameter had 
little effect on the calibration). 
4. Comparisons between results obtained by URBFEP and physically based models 
The URBFEP model behaviour was assessed in all the above-mentioned pilot cases studied with the IW model, 
in current or design settings. Table 5 shows the main features of the pilot cases and of the respective equivalent 
pipes, in the current state. As far as design settings are concerned, the size of the sewers was upgraded by applying 
the IW models, while the new water storages were positioned so as to best absorb flooding even during the most 
intense rainfall. The same upgrades and water storages were introduced into the URBFEP model respectively by a 
corresponding increase in the size of the equivalent pipe, therefore of the internal volume, or by adding the new 
storages as a single storage connected to the equivalent pipe. Additional design settings were targeted to BMP 
measures designed to reduce the extent of the impervious areas directly connected to the drainage network.  
The comparisons between the URBFEP and the physically based IW results demonstrate the high level of 
reliability of the URBFEP. As an example of the numerous comparisons performed, Figure 7 shows the URBFEP 
and the IW hydrographs discharged into the receiver in the present state for the sub-catchment Caronno P. "WWTP 
inlet", in retention and detention schemes. Table 6 summarizes all the comparisons for all the sub-catchments 
under study, in the present state of the network as well as in the retention scheme, in terms of average percentage 
differences (in absolute values) and of their standard deviations between URBFEP and IW peak flow values Qc, 
volume Vout of the hydrographs discharged into the receiver and of flood volumes Vfl on the urban surfaces. 
The percentage differences of table 6 are defined by: 
cIW
cIWcURBFEP
c Q
QQ
Q
−
=Δ 100     
runoff
outIWoutURBFEP
out V
VV
V
−
=Δ 100     
runoff
flIWflURBFEP
fl V
VV
V
−
=Δ 100  
where: 
• QcURBFEP e QcIW are the URBFEP and IW peak flow rates discharged to receiver; 
• VoutURBFEP e VoutIW are the URBFEP and IW volumes of hydrographs discharged to receiver; 
• VflURBFEP e VflIW are the URBFEP and IW volumes flooded on urban surfaces; 
• Vrunoff is the total runoff volume (the same, of course, for URBFEP and IW simulations). 
Analysis of the results of Table 6 show that: 
• the average percentage differences (in absolute values) of peak flows discharged into the receiver obtained by 
applying the URBFEP conceptual model, compared to the IW physically based models, are equal to about 5% 
for T=100 years (with standard deviations of 6%), and these increase with decreasing return time; 
• the URBFEP and IW average percentage differences (in absolute value) of volumes of hydrographs discharged 
to receiver are equal to about 3÷4% (with standard deviations of 3÷4%) for any return time; 
• the URBFEP and IW average percentage differences (in absolute value) of flood volumes on urban surfaces are 
equal to about 2÷3% (with standard deviations of 1÷4%) for any return time.  
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5. Use of the URBFEP model in catchments without dynamic modelling  
Given its simple structure, the URBFEP model can also be used for catchments for which only topographic and 
geometric network knowledge is available. This allows for the appropriate equivalent pipe size to be calculated, 
while the other invariable model parameters previously mentioned remain the same. In such cases, it is important 
to focus on the downstream restriction which, in the absence of any other information and by taking the average 
performance of the real networks into consideration, can be calculated by a simple trial and error procedure using 
rainfall of 2 years time return time and with low or null overloading of the equivalent pipe. 
Table 5 – URBFEP parameters for the pilot cases in the current state 
SUBCATCHMENT NAME 
Cermenate 
“via 
Europa” 
Saronno 
“Right 
Lura” 
Saronno 
“Left 
Lura” 
Caronno “via 
Rossini” 
Caronno 
“WWTP 
inlet” 
Seregno 
“east” 
Seregno 
“west” 
SUBCATCHMENT DATA 
Area urb (ha) 220,3 438.0 406.0 51.6 313.0 404.0 448.0 
Runoff coeff. 0.33 0.38 0.28 0.25 0.29 0.27 0.17 
DRAINAGE NETWORK DATA 
Vol (m3) 10858 25344 23766 1782 27017 34702 21835 
Lenght (km) 35.7 41.4 52.1 4.80 46.9 36.8 53.0 
Lenght main channel (km) 2.00 5.22 4.22 1.50 2.80 4.40 4.23 
Weighted average slope (%) 1.09 0.48 0.57 0.37 0.46 0.44 0.42 
Final pipe diameter (m) 1.50 2.00 2.20 1.00 2.20 2.00 2.00 
URBFEP HYDROLOGICAL PARAMETERS 
Area urb (ha) 220.3 438.0 406 51.6 313.0 404.0 448.0 
Runoff coeff. 0.33 0.38 0.28 0.25 0.29 0.27 0.17 
Concentration time (min) 20 20 20 20 20 20 20 
URBFEP HYDRAULIC PARAMETERS 
Equivalent Diameter (m) 2.63 2.50 2.68 1.22 3.50 3.17 2.57 
Length (km) 2.0 5.22 4.22 1.50 2.80 4.40 4.23 
Slope (%) 1.09 0.48 0.57 0.37 0.46 0.44 0.42 
Roughness Strickler (m1/3/s) 50 50 50 50 50 50 50 
Length overflow weir (m) 280 330 420 36 375 294 423 
Culvert diameter (m) 1.50 1.80 1.70 0.75 2.20 1.75 1.35 
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Figure 7 – URBFEP and IW hydrographs discharged to receiver for the sub-catchment Caronno “WWTP inlet” at the network present state  
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6. Conclusions 
Rain drainage in urban catchments is highly complex and depends on numerous and widespread restrictions to 
water flows caused by the layout of urban areas and building morphology (structure and topography of roads and 
sidewalks, buildings and infrastructure above and below ground, etc), as well as by the size of sewers which are 
usually designed for low return period values (2÷10 years). Within the two extremes of possible models for 
representing urban floods, from the oversimplified conceptual model on the one hand, to the 1D/2D distributed 
physically based model on the other hand, this study has focused on the implementation of a conceptual model of 
intermediate capacity. Such model provides a suitable representation of the main characteristics of the hydrographs 
modified by the network and urban restrictions, in basin scale planning. While the physically based models are 
suitable for representing a detailed assessment of urban flooding processes, the URBFEP model, which has been 
proposed and tested here, provides suitable results for basin scale planning, even in its conceptual view. This is due 
to the fact that it permits a reliable estimate of both total flood volumes on urban surfaces as well as of the 
hydrographs delivered into the receiving bodies. The setup of the new model was developed for return periods of 
2÷100 years, based on the analysis of the real hydrodynamic behavior of some urban basins selected as pilot cases. 
Detailed distributed physically based models were carried out on the basis of extensive knowledge of the flow 
limitations and backwater effects of these urban basins. All these simulations provide a reliable framework of the 
diverse urban drainage situations, in terms of morphology, topography, slopes, storage and conveyance capacity, 
which leads to consistent calibration and verification of the new conceptual model proposed in this study. 
By comparing the results of the hydrodynamic model and the URBFEP model by means of a calibration 
process, it was possible to create an optimal scheme which combines a hydrological component for rainfall/runoff 
transformation and a hydraulic component for routing into a simplified network in series, which is equivalent to 
the real one. This consists of an equivalent closed pipe with a downstream restriction and 3 gully-pots whose 
outflows represent the flooding processes (for intense rainfall).  
Table 6 – Average percentage differences, in absolute values, and standard deviations between URBFEP and IW values of peak flow Qc and 
volume Vout of the hydrographs discharged to receiver and of the flooded volume Vfl on the urban surfaces, ” in the present state of the network 
and in the retention scheme. 
Return time (yrs) ΔQc (%) ΔVout (%) ΔVst (%) 
 average st. deviation average st. deviation average st. deviation 
2 12.5 9.8 4.5 4.3 1.8 1.3 
10 10.5 8.8 3.6 3.6 2.5 2.6 
50 6.7 7.3 2.9 2.9 3.1 3.7 
100 5.2 5.7 3.0 3.6 3.3 4.2 
All comparisons were aimed at verifying the correspondence between the hydrographs (i.e.: peak flow and 
volume) discharged into the receptor and flood volumes inside urban areas, either in retention or detention 
schemes, both in the current state of the networks and in design scenarios. The resulting deviations are completely 
acceptable and underline the reliability of the UEBFEP model. However, it is essential to emphasize that this 
conceptual model cannot be considered as a substitute for the physically based models as far as concerns the 
distribution of hydraulic deficiencies within urban drainage networks, as it focuses on the main characteristics of 
urban flooding in catchment scale planning. 
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